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[fif*3i 1 ] 

* - ^/±A1S fc m^ft Am® toW KffcftJB Srfll x. J. u ? FDjR^y-ty^f 
[»*3t4] 

h n;i/ 5 ^ y -tr >^>#^o 
[«*«5l 

iufEffilA K-/n°> b W\ TIE^: (1) - (4) <D\**iTixfi^Z7jkZtLZfr=jrto3kiG1r2>ft 
mite® *S*>. * (1) - (4) *OM(±S^Sl7C^t?*0, R 1 -R 4 (iTKS^T-, 
^or>^i/:lit^I-C^l}, nl-n4(il ~ 3 OSE»"C* SCI 
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[fff*^7] 
[ffi^JR 1 0 ] 

lulE*^ htt-fl-oMtti&^f^ttjlOi*^^- U^;PH 0 t Huffing K-^*> ho 
Ox^*?- l/^JbH2 <h^\ H 0 >H 2 >H 1 U 

2 fctf*. L 0 > L 2 > L 1 co&9#£*1-&- 1"-?>If^ 1 - 9W>f 

i i ] 

mieffii* mi, - 1 £#gfcti-&if**g i - i oov>-rtL^tcte«o^ 

fxl/? hn;K * y-fc o 
[If *^ 1 2 ] 
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[0 0 0 1 ] 

*&wit. mm^i-? Fn^u, y^y^m^^m-r^o 

[0 0 0 2] 

ft* i^^ii^ i: s ^ - x^i i o t ^ r 0 z(D x d ^^-mm^m 

[0 0 0 3 ] 

<b * * iSjtirt^jiA l > it a $ n^m^-is «t tr * - ;w t & jfc+'fr -cwe^* s 

[0 0 0 4 ] 

[0 0 0 5] 

[0 0 0 6] 
[0 0 0 7] 

M.A.BaldoMi, HiaftiBx*A'^-***i:*4$*fct«E Lf^t Lt, f&^fc 
/pM^ h jt ? MLIfrffc (Tris-Ortho-Metalated Complex) X*hZ>Y')^ (2-7xX)Hf 
>Jy>) 'J y^A (Tris(2-phenylpyridine) iridium) (jy.T\ Ir (ppy) 3 
Ki-*) ^fflv^cfiELf^^^trv^ (##Ifcfcltt 1 #») o I r (ppy) 3 

o-fk^^fiTIE^: (5) cojio-e^^o 



[0 0 0 9] 
[0010] 

££>C S.Lamanskyibti, =MU&jB-** ^^r~ ****-##$*fc**E Lm^-t L 



[0 0 0 8] 
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t, flftHM^ h ^ ^;i/fkft#: (Tris-Ortho-Metalated Complex) "Cab* If* (2-2'- 
^>-/^ji^;u) -tf'Jvf-h-N, C3-f'Jv^A (7-bf ;V7-fch^-f) (Bis(2-2'-be 
nzothienyl)-pyridinato-N, C3) Ir idium(acetylacetonate) ) (JilT\ b t p 2 I r (a c 
ac) tmi-tZ) £fflW^4fE Lfi^^PI^Ltv^ (##f^m2#B8) „ btp 
2 I r (a c a c) ^fb«t±TIE^: (6) Ol^^^c 
[0011] 
lit 2] 




... (6) 



[0 0 12] 

[^#rf;£iSU ] M.A.Baldo et al., Appl ied Physics Letters, Vol. 75, No. 1, p 
4, (1999) 

S.Lamansky et al., J. Am. Chem. Soc. , 123, 4304-4312 (2001) 
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LfrLKtfh. btp2Ir (acac) £ffiv>£^$tE L#^TN±, 

«e L«T-^j:kicLT^ i - 1. 5^<D^±mmL^n ttfX^tc^o 

[0014] 
[0 0 15] 

[0016] 
[0017] 

fg 1 <7)#PJ3tc#&^rll-^^ hnj^^7-ty^f^!i, ^-Ji'SAtitl^Ai 
[0 0 18] 
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[0 0 2 1 ] 

[ 0 0 2 2 ] 
[0 0 2 3] 

WBh h'-'i> M±> TfE^C (1) ~ (4) ov>f^(:^§n*^f*ji«:lrt4t« 
jt^% ^ (1) ~ (4) fOMIiS^SlxlT*!), R 1 -R 4 (±7fcf5tl£3\ ^ 
uy>m. I ? L ttzltW&&-e& *) . n 1 ~ n 4 fi 1 - 3©ll^oTU^„ 
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[0 0 3 2] 

ig j. * * * - cd ^ id ** r ft 1 3 t> ti „ n 7t n m vfa ± * o 

[0 0 3 3 ] 

^UHi 0 fcHjfc h *>M&i5W^«Littf>J-*;i'4 r - U^^H 1 til K-aC> 

h <Dm.M^^^-l-WLM<D^^^^f- WOlsH 2 ttK H 0 >H 2 >H 1 

[0 0 3 4 ] 
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[0 0 3 5] 

[§PJ^*iJ^] 
[0 0 3 6] 

7 &%Y-'*y y (D^-yt^z x h-r\ £ h\zn^itni¥*Vkz> - twe # * □ 

[«W<:*it4fc*^fiO^!!!] 
[0 0 3 7] 

[0 0 3 8] 

(* 1 *>£Jfe*>5B«S) 

«»Iii:i^fiELf?-l0 0l±, ^Kl±K*-;W±AmiE2 . mm) ^ 
ft^/i i o^iWftAiss (M) 75*«tc««$n^«*i»««:*ri-So ^r«Ht 

^JB l 0f±, *-;H£AJB3. *-/H»$aiJB4, H3fcS5, * - /Hfi.it* 6 is i 
ftAi 7 ^«b*S 0 
[0 0 3 9] 

, A-*X®Hfct> (&T\ I TO ta&fBi-^) ^O^JR-ffc^, ft^ilifc 

A^ifett i to fcfcsssipjK** #itB^m 

[0 0 4 0] 

^mit&vom i ou*5v>t, *-^Ai3ii, ne^ (7) n^$n*§H7 

?Dv7-> (Copper phthalocyanine) (WT, C u P c t ffl&f£-f * ) *f *>^f«*l"fl-J&* 
[0 0 4 1 ] 

Wk7] 
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[0 0 4 2 ] 

*-^m&m 4 (2, fflxtf, TfB^: (8) ft&N, N* - v (•*- 1 9 V >-l-4 >l/)-N, N 
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[0 0 4 3] 
[ft 8] 
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[0 0 4 4 ] 

*-;HfilUf 6 14. flxtf, Tie^: (9) tc^ $ 2, 9- M,7-y7x-M, 
10-7xt>Fn'J> (2,9-Dimethyl-4,7-diphenyl-l, 10-phenanthrol ine) BC 

[0 0 4 5] 
[it 9} 




... (9) 



[0 0 4 6] 

m^-V±Ag7f4, #0xJ4\ TIEjt (10) h 'J X(8-t Kn + y^ / 'J t h) 

7^5^7A (Tr is(8-hydroxyqui no linato) aluminum) (JtlT\ Al q <h B§fEi~<2>) 

[0 0 4 7] 
[ftlO] 




••• (1 0) 



[0 0 4 8] 
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[0 0 4 9 ] 

[0 0 5 0] 
[0 0 5 1 ] 

JtSOSI&^^iLjt (LUMO) *5 J: W5^$HP*LiI (HOMO) <r>x-*)V 

[0 0 5 2 ] 

MKj K-/n*> h D 2 OL UMOis «fc tfH OMO Uislt-Si* JU^-ifctfcOliM&JiJJlTOji 
[0 0 5 3 ] 

ift!)K-/OhD20H0M0 (^* ;i/3?-i£f£H 2 ) li|&*K-^>hDl©HOM 
0 (x*K-*fi!Hl) ct!9^<. *XhM5H©HOMO (x^^-HttHO) 
f±1fft!j K-/<> h D 2 OHOMO (.x* ;i^~-*£f2:H 2 ) <£ ^v> 0 
[0 0 5 4 ] 

i/:, iffl)F-^VhD2OLUM0 (x^>j^-$ftL2) liH*K-^>FDl© 
LUMO (x^^-*fiLl) i •)]«<> *^httft5HOLUMO (^^^^-^fi 
L0) liM)K-^> FD2OLUM0 (x^jV^-$tL2) J: <9 l^v^ 0 
[0 0 5 5 ] 

■ffc:b*>, h##5H, IS*K-^> hD l&XXm&JV-'O hD2OLUM0 
&£U ! HOMOlZj$! l 1r&^*)ls^-miZ<?)m%te#:ii: ( 1 1 ) & £ZF (1 2 ) "C^Sfi, 
H0>H2>H1 ••• (11) 
L0>L2>L1 ••• (12) 

*X f&jfc K-'O h D 1 SXimfto K-/-?> h D 2 ^©x*^^-^ 

■V y 7"£JHSK"E 0", "El", "E 2" t Ltz$k&. * y ^OH«tt*A (1 

3) -C*$tL«6 0 
[0 0 5 6 ] 

E0>E2>E3 ••• (13) 

EI 1 ^tiELi^l 0 0O*-^ftXM2 ttf?iXtl8 fcoHn&i&mjEa*i=p 

[0 0 5 7] 

*-;W£AJi 3 Ki£A£ttfc*-;Wi*--;l'ffe>£« 4 *frLX5£jtm 5 « 
T-?iAi 7 K&ASftfcm3 1 «i*--/HfijDl 6 ^^LTM 5 i:§3ISft4, 
[0 0 5 8] 

D lisxt/mm h D 2 (OL UMOlc#f||-r*o 

[0 0 5 9 ] 

[0 0 6 0] 
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[0 0 6 1 ] 

1 HXlfmSh V-^y h D 2©HOMOi:»t4o 
[0 0 6 2] 

!§ftJi 5 li^^T, -^^wi/^-fUfiL 0 C^^IT-Ii, £^Pe4, e5T*$$iiJJ:9 
fc, ^^;i/^'-i|SfiL 1 i tzltL 2 tz&m-f&o ttz, J-^frif-miiLL 2 \Z&Z>%r£-\$ 
. ^ftl e 6 X'7T^ti2> J: n -x.;iw]^-i£lf3: L 1 tc#ifj-f& 0 
[0 0 6 3] 

jei^^^-^flftK-zN-^ hD2 ztzi±%±b'-^> vd i^&i&u %ytm 5 

[0 0 6 4 ] 
[0 0 6 5 ] 

J. * )V *?-miZ K2<n*-)Vtx.*)\< iflft L 2 OlT t tim^t L . I&tIcH 5 rt ? f§ 
[0 0 6 6] 

^co J: d ic, H, f&Tfc K-/^> h D 1 is X W'ffiW] y — '*> ^D2 <7)&*<7> 

L UMOiSct^HOMOO^^^^-mfiOM^^ (1 1) ~ (13) 

h D 2 to L UMOiS i^HOMO^^^^^-i^fi^, *X h*t#5 H<DL UMOiS 
J: (7H0M0 tf&}fc V-'<y Y D 1 O L UMO& i t/H OMO t OF^tcfigi"^ CI <h <£ 

[0 0 6 7] 

*xh##5H(i, ^iJxtf, Tie^: (14) tc^$^^4,4'-if^(^^/^/'-;u-9-^ 

^)-t'7x-)b (4,4'-Bis(carbazol-9-yl)-biphenyl) (J^LT> C B P t mZir Z> ) %?<D 
[0 0 6 8] 

[ftll] 




•-- (14) 



[0 0 6 9 ] 

ftitv-^y h d i is x z/ffish v-^y hD2 uti, ~mm®)&x-*^ ; ¥-z%itKm- 

[0 0 7 0] 

%7fe K-/-?^ h D 1 IC(±, #!lxJ£\ h'J* (2-7x;j^"'Jy>) ^J'/7^ (Tris(2 
-phenylpyridine) iridium) (JilT, Ir (ppy) 3tmZir&) , fc'X (2-2* -^>V* 
^jc^;i.) -tfiJy'th-N, C3^'Jv^A (Bis(2-2' -benzothi 

enyl)-pyridinato-N, C3) Iridium(acetylacetonate) ) (jy.T\ b t p 2 I r (acac) 
<hlfl&f2i-"2>) > kfx (2-7 ^-^^OV -?-^ v*9 h-N,C2) ^Jy-)A (7tf^7th 
H (Bis(2-phenylbenzothiozolato-N, C2) Iridium(acetylacetonate) ) (b t 2 I 
r (acac) tmiir&) ttz\±\£7. [4, 6-v "7 n y x. - 1: 'J v -J- b -N, C2] -T 
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^-v: 9/ 



•J v <y A (tf^'Jf" M (Bis[4, 6-dif luorophenyl-pyridinato-N, C2] Iridium(picol inat 

o)) oar, f i r p i c inB&iB-r^») ^o^nh^ 9 ^iunvf^^ts ^mm^mm^ 

[0 0 7 1 ] 

I r (ppy) 3(4, Tf5:£ (5) ^-T^mM^^lr^o 
[ 0 0 7 2] 
[ftl2] 




(5) 



Ir ' J3 

[0 0 7 3] 

b t p 2 I r (a c a c) 14, (6) U^-f 5ffil * < 

[0 0 7 4] 
[itl 3] 




(6) 



[0 0 7 5] 

b t 2 I r (a c a c) {4, TIE^C (15) K^-J-friF-lflj® 
[0 0 7 6] 
[ffcl 4] 



OK) 



CH 



* I r J 

0^*0 



(1 5) 



[ 0 0 7 7] 

FIrpicli, TIB:£ (16) K^-f$re-»i££*r-f 
[0 0 7 8] 
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at 1 5 1 

r f 




[0 0 7 9] 

h ^ *Mfc»#<D«ii5$;»±, «xlf, Tie^; (l) - (4) KJ: 

[0 0 8 0] 
[ft 1 6 ] 



[0 0 8 1 ] 
lit 1 7 ] 



[0 0 8 2] 
Hfcl 8] 




••• (1 ) 



••• (2) 



•■• (3) 



[0 0 8 3 ] 
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[ffc 1 9 ] 




[0 0 8 4 ] 

±SEA (1) - (4) 4»<9M(±, Wxtf'f U (Ir), St(Pt), t 

(Os) , ^x-^A (Ru) , Dy^A (Rh) ttzlt'*?WJ* (Pd) f 

[0 0 8 5] 

5* (1) - (4) f OR 1 ~R 4 Ji^SffiC^, ^ny>I^Jf;|JIMt^^o ^"Jx. 
(i\ Rl-R4(±-Cn H 2n + i (n = 0~10) > 7i-*S, -^^7i> 
-CN, -N (C n H 2n+ i) 2 (n=l-10) , -COOC„ H 2n+ i ( n = 1 - 1 
0) , -F, -C U -Br, - I, -OCH 3 , -OC2 Hs 
[0 0 8 6] 

±ie^: (i) - (4) ^$*i*«i££^i-*=m«**a#*M±. 

[0 0 8 7] 

m Y-^y Y D 2 K*tL, LUMOiJi^HOMOWx^^^-ife^llE^ (11) - 
(13) ©Hiilfctfc^IjRSn*. 
[0 0 8 8] 

«ftb K-'O' HD 2 ftjfeK-zO YD 1 tBiC, Ir (ppy) 3, 

btp2Ir (acac), b t 2 I r (acac) i tz fi F I r p i c l£0 * 

[0 0 8 9] 

Ir (ppy) 3, btp2Ir (acac). b t 2 I r (acac) Ui^FI r 
p i cO^MIUIE^: (5) , (6), (15), (16) l^tfljl?**, 
[0 0 9 0] 

h ^ ? MLiUfcofllii^— W±, ±15^: (l) - (4) i:*tl»)-e*4. 

[0 0 9 1 ] 

fcrtfU Ml* K-zO h D 2 Kfflv»<bft*=M#«*f*M±, 5 His XV 1 ft 

it Y-^y Y D 1 CWL, LUMOiJ.t^HOMO^x^^f-ilfi^ie^ (1 1) - 

(13) 0|W^£i»fc-r*>07fr*S4R$*i.<&o 
[0 0 9 2] 

$HiW§U:#^|f||E L^F- 1 0 0 liUft h D 1 isZXmWj 

Y-^y YD 2 t LtHIStMft^ffl^tv^„ dftKiiK f&ft K-^> b D 1 43 
J: tfWflfr Y-^y YD 2 WEl]|iix^;^-mi:f4t40t% f§«jWfr_t 

[0 0 9 3 ] 

Sift K-/*> b D 1 is X Tfffi®} Y-^y YD 2 <D&* <D L UMOi3 X 
V t n0M0<r>x.*)H?-mUi!>*±%i3: (11) - (13) «H«4:tt4, 
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[0 0 9 4 1 

1" & t> *> , * - ;H£fi£Jf 4 £ X 0* * - ^ E&jtS 6 ;&» <b 5 Uftii $ ft & * * 'J T t5 ? 

> 56** 5 M*f45H. S§jfcK-/*>' FD 1 £ X ZfffiM FD2^«x 

^;i/^-rnfa^#wi-^o zmzx*). x-^mMm 4 is «t zf*-)vm.itm 6 tn^i 5 

[0 0 9 5] 

ifc, V-^y b D 2 c0H0M0i3«t O^L UMOOJ.^/U4 r -*ft3&*, MM 

5 HOHOMOiJi: t^L UMO tig* K-^O h D 1 <£> H OMOiS «£ O* L UMO t (Dffl iz 
iZWir&^tlzxn^vVTvm&^^^^-n&Mtf-ffiBhZti&o ZtUzX*). &jtm 

[0 0 9 6] 

•*■ -5 Hl^tftft ^v^iHC, £ h Kffi v^*» £ H^i- & * OffifHj K - 
[0 0 9 7] 

fg^/i 5 (Cj^Jp$nSf|jt b D 1 (± 1 M%J£JLt2 0M%JUT-C*& 

[0 0 9 8] 

4 fc, ffe*« 5 Ki&OnSftaHllfr K-'O h D 2 H 1 M%Jfil±2 01i%JJJlTt ! *4 
Z ttfmtL^o Z<7>m&, K-^*> h D 1 lz£Z>&ftfj:5£Jtj)mbtl2> t t i> 

[0 0 9 9 ] 

tcj:(9> »*«J***fiI±i"*o fit, ffiffi) K-/<> h D 2 <D%-itf&m$, fkltV-'i> 
b D 1 *>!SjteaiJftfc#L-C 3 0 %mT<a3fc3fea&£"C*>££ t^Mi Lv^ G ;nii, MB* K 
-/^ h D 2 <05§jte&j£7&* 3 0%J£JLtE5< fcat. #&*K-/*> hD 1 <7>|§*fe^l#^ ft 

h d 1 <D&ytmmKttLx 3 0 %aTon«tt-5 ;tta>), $&ft*»7&*isj±-*-£ 

tti tcffc* K-^> h D 1 \z X &3£jt'&£mmz'&2> ZttfX^&o 
[0 10 0] 

M«i:«^tiELf^li, mT-ftAm«8 SriSWttB Wt*fc-*- 
*£fc£J:lK f&**5H^v>T^^ft/i*^*-;Hfljt*6, 1??±A1 7 £> «t O^m 

[0101] 

*n*feo^^i3v^T, mmt&vom i oo#ji»i±EtciRf>-r, a^^^^^v^ 

i t5 ? -C # o 08 x. fi\ * - ^ffAi 3 & X Of* - A'tt&B 4 OttK £^1" Z> 
IBv>fcft^i:ii*-ji'ftXi 3 £«fcO f *-rt'$#}iJf 4 £— Jf LTt «t < , *-;Hffljli* 

6 js ct o^sT-a ah 7 «m « & & ^mm*m \z « * - ^ isiljs 6^^^! 

^AiT^-iHtUK *-;W±AJI3, * - ^*wi£Jf 4 , *-;Hfiit 

[0 10 2] 

OiiWfiCi^tiE L^T- 1 0 0 t±> 5 7& s @-fe5&«t# ^> - fc**^T<H4«fe 

f&^fcJi 5 afeiOffffell**!!^! <h75 ? "BT^^Wfel&7feg 5 b "Cfc&jSSrlfcS* 1 

oiii^^tlE Lt^ i o o hiwjfio#i^^^-r^o 

[0 10 3] 

*»0^tcj3V^r, gfef&jfc* 5 a i3 J: O^WfeU** 5 b fi, -e-ft-pft*^ h*t*4 
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[0104] 

©feU^f 5 a£i i^Wfelg^ 5 b Hfflv^n^^X h^ft^HOMO (HO) & i 
ffLUMO (L0) ^MK-^'/FDlWHOMO (HI) jSj^LUMO (LI) £: 
M&J K-/<> h D 2 OHOMO (H2) ^i^LUMO (L2) tox^^-Hfi^M 
fli^lOiiOflC^^ti^^ (1 1) - (13) ©M«£»JE-r*.fc-9KtS:5£1-* 

[0 10 5] 

SM*i5atLtii, 0!)x.(±\ *Xhtffii:L"CCBP*fflK 
lHTbtp2I r (acac) £fflv^ lifft K-a?> r (ppy) 3 

7tK-/N°> hDU LTF I r p i c ^fflwti =fc v> 0 
[0 10 6] 

£OJ:-9K, ^ilWfiCi^tlE Lt?- 1 0 0iz£titi£^ 'J?* < t 
^i-f&tztxDffiBh V-'i> h D 2 *ffiv>4: IDtfeCi <b ft^iUjtSi^i 1 

[0107] 

ffe?)7< )V9*miZ>Z tX«jt<D3m&(Dm7F (RGBS^) # ? P]"lt&i:&«K 7 toil? 
[0 10 8] 

^W¥MEI"C* l), 15 {±EI4 0*«E L^MOA- A«IBfiiDEIT-*So 
[0109] 

H4 *> i 5 O^tHE L^E^«*Ui5V»-CJi, ^-fe^H^I-^®^ (J^T\ RB3Rfc 
Df.S) Rp i x, #fetcf§7fci-^H^ (J81T\ G®^i:M) Gp i x SitfWfefcf&jfc 
-f&lllt (ttT, B®^i:l*^) Bp i x75 ? -7 h ^^^tcEffi§*L-Cv^ 0 J£JlTOtfc9J 
K*jv»T, RBfRp i x, GliGp i x i3 «fc O 8 ' B IBfStB p i x <D&Wm&%i 1 <Dmt& 
<DfmKl%Z>mmE L^T-1 0 0 K*l^1-£o 
[0 110] 

WToifeH^^^v^-c, #9^*«i o. amm 1 1, sniii&ifiii 3, miow- 

mm 1 5, IIOTFTI 3 0i3J:O t "i2^TFTl 4 0 fcflt*. £3MR7&*t& 1 <0|g]6fecO 

>n&jaiJf 4 kiss l , m&^itm 2 2 , m&&3tm 2 4 & «t ^wfef&M 2 6 1 1 <o 

ftitm 5i:ffliL, mT-lfi3iH 2 8 rt s H l ;Hfijh* 6 is X Vl^SXi 7 UffiSi" 
[0111] 

04 KJsv*t\ ZEfrbmtZRm^R P i x, GIfGp i x^ilTBliBp i x 75 5 1£ 
[0112] 

7f >rtK^-S n^**;H!o£ 1 CO T F T 1 3 0 ^ffriSKtiW 
iE Lm^-ZmWj-fZ p* L **fl'Stf>j|S2*>TFT 1 4 0 7^J& $ ti & 0 £®i?<0 
plltl*!tc|iaj!jme7 0. isJ:^ I T0jJ^4i*-*jiAlIl 2rt s ff*J&$*i& 0 
jlXtf 1 2<Z>«i*fc*r«E Lm^WIKK^j&Sft&o 
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[0 1131 

ilOTFTl 3 0<D >(± KW >m@l 3 d^^Lt KW >-fl^5 2 Kg? 

|1<7)TFT1 3 0«V-^liV-^II 1 3 s ?:^LTlft 5 5 K}giii£ft& 

0 ii^TFTi 3 ooy- Mil i ii±, r- mi-^hs ifrh~mv?z> 0 

[0114] 

m§))®m 7 on, mmmi±v s cz%ifz>sc&5 4 mmmi i msmm) t— 
5 5 1 frbmj&zft&o 

[0 115] 

I20TFT1 4 O^KUOIiKV^ >m@4 3 d^LttIEL|^*-)^A 

mun 2 izmmzti. ^2otft i 4 0(ov-^iiv-xii4 3 s *frLx?\mm^ 

mif&miWMd 3 i:ig?^^o I2WTFT14 OOt - MI4 1 fiSfe 5 5 KJ£M 
[0 116] 

RItRp i xOipSLR, GIfGp i x OipgL Gioi £/B®f B p i x O ipg L B ii , 
^•^1tE L^T-^l&*?*^^#0L-CRli^R p i x. GIfGp i x is X V B M^B p 

1 xWfiffU £ n Iz^rti^mZT&Zti&o ^HM^f^-Cli. RBlRp i x 
COipgL R{±7 5. 5//raT^t), GIfGp i xO|SLG(±56. 5 /* mT* «K is «fc 
Bit B p i x ?)it)SL B (± 6 6 mX&>2> 0 

[0 117] 

HI 5 [z^fih X n fc, Jf^xmfci 0±tc#^ H H H v'j ^ y%?frb%z>imm l 

^(Ommm l l 0-^7^$! E Lf T-£fEIfr-t&^#>^2<7)TFT 1 4 0 t & 

<2>o f&s>Jf i i±cr- hmibm (HTF-^-f) *<frLxr-y)\<Y- hm^r- m«4 

Y- MI4 1 ^1^ J^Kf&lfrJf 1 UClWffll 3 is i £/|fll (?) 
^fijCi l 5«$ft^o m 1 c7)±pjfift:/t l 5co*t#t LTfi, IHJxJfT* 'J ;p#Jlii& 
fflv^c<h75 ? -e§^o m 1 O^FiB'fkJi 1 5±KM&*-;W±Am;(S 1 2^Btri:{: 

im i s^j&^n&o 

[0 1 18] 

S20TFT1 4 0(ii2^iifbil 8<7)Ti:ffM?ntv^ 0 f£ 2 <7)¥ffl 

fbH 1 8 1 2 <7)^:Mtcff^$n*<7)T{±^ < , I2WTF T 1 4 0 # s fi£ 

^^n^fi^^iiT i n \zt>^%2 (D^-mtm 1 8wftt^-;wixii 1 2 i^(±^ 

[0 119] 

* - ;w±Am® 1 2 jo j: lk^ 2 o^pjg<b)i 1 8&m.n >^mm 1 6 tf£-fa<D 

mm±izf^$tii> 0 

[0 12 0] 

RltR p i x , GiiG p i x is <£ ff'Bffif B p i x - ;Hti£>i 1 6_tKf±, 
tl^tim&HzmZf&X ^O^fe^l 2 2 , ftfeH^Jf 2 4 i3 J: tfW-fel&^l 

2 6 T^J^ft&o 
[0121] 

-7$k<r>7fc&&1tm 2 2 , lifelg^ 2 4 is <£ 2 6 OF^<7)^#t±^ 

2 o^fflfoi 1 8i«iit*"7^iti o tmittt-ox^&mmzwrt bti&o 

[0122] 

RlfR p i x, GliG p i x isX tFBWWiB p i x <Dfc&5£jtm 2 2, U^itm 

2 4te£Tjm& F &Jtm2 6_hicfi, Wjmizmvzx h7^7 i ^ii i iii2 8«n 

[0123] 

RSf R p i x > GliG p i xiSitf'BSIIB p i x<7)#&7frB 2 2, 2 4, 2 6 is X 

u ! mj-mmm2 8t±, m^mm^.^m^fz-^^^^^ >^-m^mE Lmm.mm^zis\,^ 

tferti:l^Wi:f)t^^^o -ftafrh, RlifRp i x \zistf h^^itm 2 2 is X 
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, GBf G p i x Mtt^tfef^Ji 2 4 £> J: D^T-ll^/l 2 8 l±> » 2 O^^Ml*!^* 

>? ^m^^x'Mm&i^fczti&o b®^b p i x \z&tf&m& 7 &itm 2 
o lt^ot, m^-im^i 2 8 m^mwii, m^itm 2 2 . m&^Jtm 2 4 & <t z/w& 

[0124] 

^©ilC, ^ferb:^12 2, 2 4, 2 6 £ J: LFm^-lmilH 2 8 ZMK&M^M 

ft^tti^mm-t&^tizxn, 3mm<v j %3tm2 2 , 2 a, 2 6&xTfw.=t-mm2 

[0 12 51 

£ £>k, ^ET-feoi® 2 d> ±.\z\±^m^y y iV) ^ ^ 3 0 & iWiiAlSs 2 

Z> o 

[0 12 61 

±fE*r«E L^^^etcisv^T, r-ng-^&s n:iiRiTOA$*L*t»ioT 

Kl£i;T*&Bb#*7 0*^£«$*LSo ^2 COT FT 1 4 00^- MI4 1 f±Mft!j#S 7 
[0 12 71 

Gp i xio ct^Bif^B p i x t Lxmwnzm^zztxm%.*m^irz>zttfx&2> 

o 

[0 12 81 

2 2 fi. 15Ux.(i\ httmt L"CC B P K-^°> FDltL 

T b t p 2 I r (acac) £ffiv^ ffiW) K-/n°> h D 2 <h LT I r (ppy) 3 

[0 12 91 

2 4 ^JxJ£\ h*tf4^ LTCB P K-/*> K D 1 t L 

TIr (ppy) 3tfflv>, ill K-/<> bD2 t UF I r p i c S:ffli«»fciftttL 

[0 13 01 

»fef&*)f 2 6(±, filxJf, hUnt LTCBP^fflv\ f&*K-^°> hDUL 
TFIrpic Zm^*fzm$L*^LXi> X^ a Wfe3&7fcf 2 6 lZ&^Xi>, m 1 <7> 

^Of^J^£^<5>*iffc h'-^y h D 2 ^Mv^n* it^gj Lv^ 0 
[01311 

D 1 &fflv^ i: i: $ tCi^#§*»£|gili-£ tz^omsh V-^> hD2 

^-<t-e, %<nzw& (rgb) o#^of§7fc^^fpi±-r^o -eniCcto, i§»^<7) 

[01321 
[0 13 31 

[^^u i ] 
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> m^mm tw&) ztzmz. iiotiELiTi o o tmm^mj&zm-t&o 

[0134] 
[0135] 

I T O ^ f> ^ -5 * - ^ii Atft 2 Oil , C u P c *»t»44*-fl/jiAl 3 %M£M 
fSiai)!ML/:o tfM£ft^*-;W±A/f 3<75ff^(i 1 0 0A^o/: 0 
[0136] 

^-^Ai3 0lili, I^SlxiO" 6 Torr, *»o36« 1 K*t1-&SJ£iNffll £ 
[0137] 

[0138] 
[0 13 9] 
[0140] 

f&jfc* 5 14, CBP^?»44W h*t#5 btp2Ir (acac) HiiH 

^K-A^FDlfcJ:^! r (ppy) 3^64^IiK-^> hD2$-iat4Cti: 

«t ij^jSLfco 5^mya-rzf&± v-^y h d i 6. 5**%fcL. ffifi* 

K-rC> h D 2 2*i% t Lfc 0 IfZl&Ztitz&ytm 5 <0I?*{4 2 5 0 Af*ofc 

o 

[0141] 

f&T^f 5 <7)^o^fe^(4, *-;W£AH 3 w^o^#fc|sitli-e**o 

[0142] 

fmzntzm i Fmmm<7>m&-&2 o oAt*ofc, 

[0 14 3] 
[0 14 4] 

M^nmiliWifflCv^^yOA-^y^A^ (M g : I n = 
1 0 : 1) ^ ^i-S 1??± Aig 8 ^ IMtttC J: •) li L to it$nt*^A« 
®8<7>!?<^(±2 0 0 0 At'*o/: 0 
[0 14 5] 

[0 14 6] 

camt^lt, JEi»«ff*eniipL. fi^t^i^^T ofc 0 

[0 14 7] 

COIS*, iWJ 1 OfiE LI^ <Df 6 2 0 n mf* l) , *E5JWJ£*i 3 

4 7 0 0 c d/m 2 "C* ») , ftJttij^-H 4 . 2 c d/AT?*ofc 0 
[0148] 

imnm 2 ] 

[0 14 9] 
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[0 15 0] 

4 2 0 0 c d/m 2 -C^O, f§ft»«±3. 9 c d/AT&o£ 0 
[0151] 

m mm 3 ] 

[0152] 

l&ftf 5 K-/n°> h D 2 t LT, b t 2 I r ( a c a c ) £fflv>£ 0 

[0 15 3] 

5^ : fc1m-fZ>%-it Y-^y V D 1 <7>*iJ£-£ 6 . 5lI%tL, *ififtK-^>hD 

2 2ii% t L7t 0 z.ti\z.x. mtrnztttzmmE L*^*-^ftAi«2 £ie 

[0154] 

t(»m%k. ^mM3<D^mELmi : -<7>m±%it'femtt6 2 0 nmt^^ Sii5M{i2 
7 6 0 0 c d/m 2 "C* <9 > %imm$ 3.8c d/A-e&o£o 
[0 15 5] 

m mm 4 ] 

*I0lJ4^tELf^li, nm®\ 1 O^^E L^T-^^TO.^^I^^lBl^Oft^^^- 
[0 15 6] 

i*i5ff)MK-^>hDULTI r (ppy) 3S:fflK ilift fD 2 t 

LT F I r p i c *m^tZo 
[0 15 7] 

f&ftl 5^mwfZ>%:it V-'*> h D 1 <7)t!|£-fi 1 . 5fiM%-C&*K ffiSb h 
D2C0#J^-{±1 5M%-C*^o ^tLia nftWlZtitz^^E Li^*-^ffiAtl2 

tZo 

[0158] 

^1?!)3 CO^E L^O«^f§7t^«(i 5 1 5 nmX&t). tH^Sli 1 
4 2 0 0 c d/m 2 Xh *9 , Ji 3 4. 9 c d/A-e*>o^ 0 

[0 15 9] 
[Jt tscflU l ] 

^m^mm^m^m^^xitmrn 1 ^tELt^^ftiL, i^m^ntz^mE l 

[0 16 0] 

JtWJ 1 <0^1E L^T-(i. 1 OtiELti 1 ^ f&^Jl 5 Hffifto K-/-?> h D 

[0161] 

SBfcJf 5 Uv.^ni-^^7fe K-^°> h D 1 <Dm&& 6 . 5mi%-Cab£o C tu; <fc fpM 
[0 16 2] 

^is*. jtts^j i <o^m.E Lm^nm^Jtfcmze 2 0 nmT&o , mm,mmti 

3 0 0 0 c d/m 2 T-* <9 , f&^^(± 3 . 5 c d/At*o/:o 
[0 16 3] 

[Jt$3c£U 2 ] 
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. [0 16 4] 

MJ20tiELffli, ^M^iJ4cO^EL^t, Mi 5 CM K-/^/ F D 
[0 16 5] 

5fe*Ji 5 H^n-r^H7t K-/^ h D 1 0§iJ£-(± 1 . 5li%t**5o .1 fuc «fc 
[0 16 6] 

-5-(7)^m, lttW2<7)tSE L^T-O^^I&Tlc&Sti 5 1 5 nmfi^ ftiij*?J^(i 8 
9 0 0 c d/m 2 "Cab •) , 28. 5 c &/KX*&^tz 0 

[0 16 7] 
[M] 

^1-3 fcjtiew 1 1 ojt«*3 «t ^ssffii 4 tjtie«2 t<D\m.*'K o>to 

[0 16 8] 

[HSfcfll 1 - 3 Jttt« 1 OJttx] 
HM^iJ 1 ~ 3 £ J: tfJfcHHW 1 0*«E L3RT-W«3fciRFltOS!l5eift*t±TlB* 1 KTT^il 

[0 16 9] 
[«1] 





(nm) 


mmmm 

(cd/m 2 ) 


(cd/A) 




620 


34700 


4. 2 1 


HJS0IJ2 


620 


24200 


3.9 


H«50l]3 


620 


27600 


3.8 


JttfcffM 


620 


13000 


3. 5 



[0 17 0] 

S 1 H^-f-J: n fc, WW) h'-'i> FD2 *&is&tbW 1 ~ 3 O^T&E LmT-it, **Bb K 
hD2 *-g-*$rv»Jt«fll 1 tf>#«E L^i: JttSE LTSSv^H^ff «j3 £ tf'f&fir^ 

[0171] 

tttf^Sft, — jS»i8IJ 2 JcH«Sffli2 0**EL* : F-Of6*#tt* t ^$*L, ZL&flMftJ 3 
[0 17 2] 

116 i:iftif, 1 - 3 tsjiVitvm 1 w**»jt»[ftiS«w»jt«Ftt^fpLv»ffl 
mm 1 K-tt-t&nnmi ~~ 3oi§^#i4cot@«{±, mi* k-/^ fd2 

[0173] 
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[0 17 4] 

Jil±0*g^^^, W«EL^T-ii, 5 H±I5:£ (11) ~ (13) (DgzftZmtz 

o 

[0 17 5] 

[mmm 4 1 itmm 2 1 <Ditm 

mmm 4 & j t/jtra 2 <o« e l «T-con^#t4coiij^*iiT§e^ 2 ^i-m ^ -e 

[0 17 6] 
[*2] 





(nm) 


(cd/m 2 ) 


(cd/A) 




515 


14200 


34.9 


]±&0iJ 2 


515 


8900 


28. 5 | 



[0 17 7] 

> hD 2 £#£&v>jtra2 (D^mE Lm=f-titmLxm^itmmii^rfmmm^n 

[0 17 8] 
[0 17 9] 

17^ *u*\ mmm 4 oi§7t#i4(±jtra 2 oft^i^jt^ ^yt-^m^mm^m 

^M0U4 cO^ttE L^T-tc itL(i\ &W£fBf*£<7>ft£#&C t^-C^^o 
[0 18 0] 

a±(D^^h, tlELti^li, f&ftJf 5 KiilE:* (11) - (13) (D&ft-ttmtz 

-fffim b'-^y b d 2 tfffilmz ti& z t tz x o^7fc!|#tt&ip]±-t-£- t-hmhfrtte^tz 

[0181] 
[0 18 2] 

[nu » 1 (Dmm^m^^mmE Lt^-^^^ti^ifiat^^o 

laitgomf&^^T-fLit (LUMO) jfeitf******^^* (HOMO) <7) 

j. * jv *f-m& t , m^-is i ^ * - ;u co &®&m to-mz m-r m^mx-$> %> 0 
IH3] m 2 <Dnm<oifmjz^z>^mE Lm*<»-M*w^m&wnmmx- *>%><> 

[14] il 0^»©^C#-5t«E L^^fflv^^^E LjUr^gcO— 
[15] 14 <D^m.E L^^McOA-A^lffMH-e^^o 

[16] ussm ~ 3 # j: tnttMH 1 oH7fc#i4£^-r^7 7-e*£o 

[17] HJfcfll 4 js J: V itmm 2 <7>§&M#14 ^t^77t*4 0 

ttllHf 2004-3044742 



#112 0 0 4 -0-9 0 6 1 0 



^-v: 20/E 



[0 18 3] 

i 

3 *-;w£aji 

5 %3tm 

6 *-;u|fijJh1 

7 m^viAJf 

8 mT-axms 

100 Wlt^l'? h * ^-fc^^T- 

5 H * X h 

D 1 IBfc K-'*> h 

D2 
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[H3 ] 



0- 



5a 
5b 



100 
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3 
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